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VIRAL VECTORS AND USES THEREOF

[0001] The present application contains a Sequence List-
ing that has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. The
ASCII copy, created on Jul. 13, 2023, is named Substitute
Sequence Listing_ST25.txt and is 20,167 bytes in size.

CROSS-REFERENCE TO RELATED
APPLICATION

[0002] This application claims the priority and benefits of
Chinese Patent Application No. 202011064132.2, filed with
the State Intellectual Property Office of China on Sep. 30,
2020, which is incorporated herein by reference in its
entirety.

FIELD

[0003] The present invention relates to the field of bio-
technology, specifically the present invention relates to viral
vectors and uses thereof, and more specifically the present
invention relates to viral vectors, lentivirus, pharmaceutical
composition and method for introducing gene of interest into
recipient cells.

BACKGROUND

[0004] At present, as a gene delivery vector, lentivirus is
widely used in gene therapy of various diseases, and is
mainly concentrated in the field of ex vivo, such as CAR-T
preparation, gene modification of hematopoietic stem cells,
etc. Lentiviral vector cannot be widely used in the in vivo
field, one of the main reasons is that the lentiviral transfec-
tion lacks targeting.

[0005] Researchers have been committed to achieving
targeted transfection of lentivirus. From the published work,
it is the envelope protein that determines the type of host cell
transfected by the lentivirus. By changing the type or
structure of the envelope protein, the lentivirus gains a
tendency to transfect certain types of cells, but there are
some shortcomings, In order to obtain the transfection
tendency or targeting of the lentivirus, the researchers
mainly make improvements in the following three aspects:
first, the envelope protein is replaced with the envelope
protein of other viruses with specific transfection tissues, so
that lentivirus have acquired new transfection characteris-
tics; however, the number of envelope proteins with clear
functional background and guaranteed safety is limited, and
the titer and stability of the obtained recombinant lentivirus
have decreased. Second, the scFv domain of a receptor or
antibody that specifically binds to an antigen is fused and
expressed to the N-terminus of the envelope protein, or
assembled into a viral vector as a separate membrane
protein, so that the lentivirus can bind to the antigen through
the receptor or scFv and has a tendency to transfect cells
expressing the antige,; but this method greatly reduces the
production titer of lentivirus (reduced by about 100 times).
Third, the CD47 protein is co-expressed while packaging the
virus to obtain a lentivirus (CD47hi LV) with a high expres-
sion of CD47 on the membrane surface. CD47 can interact
with macrophage surface receptors to inhibit macrophages
from phagocytosis of the lentivirus, thereby making CD47hi
LV more efficient in gene transfer to hepatocytes and reduc-
ing the activation of acute inflammation response. However,
this method uses the body’s ability to metabolize the virus
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to passively increase the efficiency of CD47hi LV in gene
transfer to hepatocytes, but it cannot actively target and
infect hepatocytes.

[0006] In view of the fact that the current technology is
still unable to solve the problem of the lack of targeting of
lentivirus infection without significantly reducing the titer of
the lentivirus, it is necessary to develop new technologies to
solve this problem.

SUMMARY OF THE INVENTION

[0007] The present invention aims to solve one of the
technical problems in the related art at least to a certain
extent. To this end, the present invention provides a viral
vector with targeted infectivity and significantly improved
virus titer.

[0008] In one aspect, provided herein is a group of viral
vectors. According to the embodiments of the present inven-
tion, the group of viral vectors comprises: a first viral vector,
the first viral vector carries a first nucleic acid molecule, and
the first nucleic acid molecule encodes an envelope protein;
at least one second viral vector, the second viral vector
carries a second nucleic acid molecule, the second nucleic
acid molecule encodes at least one fusion protein, the fusion
protein includes at least one single-chain antibody and the
C-terminal domain of the envelope protein, the C-terminal
domain of the envelope protein includes a transmembrane
region and a intracellular region of the envelope protein, the
C-terminus of the at least one single-chain antibody con-
nects with the N-terminus of the C-terminal domain of the
envelope protein, the single-chain antibody targets a specific
antigen; the first nucleic acid molecule and the second
nucleic acid molecule are arranged to express the envelope
protein and the fusion protein, and the envelope protein and
the fusion protein are in a non-fusion form. According to the
embodiments of the present invention, after the viral vectors
are introduced into the recipient cells, a virus with high virus
titer can be packaged, and the virus has targeted infectivity.
[0009] According to the embodiment of the present inven-
tion, the viral vectors may further comprise at least one of
the following additional technical features:

[0010] According to the embodiments of the present
invention, the viral vectors are retrovirus vectors, lentivirus
vectors or other enveloped virus vectors.

[0011] According to the embodiments of the present
invention, the enveloped virus comprises at least one
selected from: Bornaviridae, Nyamaviridae, Arenaviridae,
Filoviridae, Hantaviridae, Nairoviridae, Orthomyxoviridae,
Paramyxoviridae, Bunyaviridae, Phenuiviridae, Rhabdoviri-
dae, Arteriviridae, Coronaviridae, Flaviviridae, Togaviridae,
Hepadnaviridae, Spumavirus, Iridoviridae, Herpesviridae,
Poxviridae, and Deltavirus.

[0012] According to the embodiments of the present
invention, the envelope protein is an envelope G glycopro-
tein (VW-GI) or a mutant of envelope G glycoprotein of
vesicular stomatitis virus of the Rhabdoviridae. The enve-
lope G glycoprotein of vesicular stomatitis virus has cell
membrane adsorption and fusion capabilities. Therefore, the
virus packaged by the viral vectors provided herein has cell
adsorption and infection capabilities.

[0013] According to the embodiments of the present
invention, the mutant of the envelope G glycoprotein has
K47Q and R354Q mutations. The cell membrane adsorption
capacity of envelope G glycoprotein mutant with K47Q and
R354Q mutations is weakened, but its membrane fusion
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capacity is not affected. Therefore, the envelope G glyco-
protein mutant with K47Q and R354Q mutations weakens
the non-specific cell adsorption ability of the virus obtained
by packaging, but it does not affect the ability of the virus
to infects cells.

[0014] According to the embodiments of the present
invention, the mutant of the envelope G glycoprotein has the
amino acid sequence shown in SEQ ID NO: 1.

(SEQ ID NO: 1)
KFTIVFPHNQKGNWKNVPSNYHYCPSS SDLNWHNDL IGTAIQVKMPQSHK

ATQADGWMCHASKWVTTCDFRWYGPKYITQSIRSFTPSVEQCKESIEQTK
QGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIN
GKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGK
EGTGFRSNYFAYETGGKACKMQYCKHWGVRLPSGVWFEMADKDLFAAARF
PECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPISPV
DLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAPILSRMVGMISGT
TTEQELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSS
KAQVFEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIA

SFFFIIGLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK .

[0015] According to the embodiments of the present
invention, the single-chain antibody targets a cell-specific
antigen.

[0016] The single-chain antibody according to the
embodiments of the present invention can optionally be set
to target any specific antigen, for example, targets tumor cell
specific antigen CD19 or Siglecl5, and then packages the
Obtained virus under the mediation of the targeted binding
of single-chain antibodies to cell-specific antigens, the spe-
cific targeted binding of the virus to cells (such as tumor
cells and immune cells) is realized, thereby the specific
infection of the virus to the cells is realized.

[0017] According to the embodiments of the present
invention, the fusion protein further comprises a first con-
necting peptide. Thereby, the single-chain antibody region is
separated from the C-terminal region of the envelope protein
to reduce functional interference between the two.

[0018] According to the embodiments of the present
invention, the first connecting peptide has the amino acid
sequence shown in SEQ ID NO: 2.

[0019] AAATTT (SEQ ID NO:2).

[0020] According to the embodiments of the present
invention, the C-terminal domain of the envelope protein
has the amino acid sequence shown in SEQ ID NO: 3.

(SEQ ID NO: 3)
FEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFF

IIGLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK.
[0021] According to the embodiments of the present

invention, the fusion protein has the amino acid sequence
shown in SEQ ID NO:4 or SEQ ID NO:10.
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(SEQ ID NO: 4)
DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYH

TSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGG
GTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVS
LPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQV
FLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSSAAATTTFE
HPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFFII
GLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK .

(SEQ ID NO: 10)
DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWFQQKPGKSPKTLIYR

ANRLVDGVPSRFSGSGSGQODYSLTISSLEYEDMGIYYCLQYDEFPYTFGG
GTKLEIKGGGGSGGGGSGGGGSQVOLQOPGAELVKPGASVKMSCKASGY T
FTSYWITWVIQRPGQGLEWIGDIYCGSDTMHYNEKFKNKATLTVDTSSST
AYMQLSSLTSEDSAVYYCARWWDYGSSYDYFDYWGQGTTLTVSSAAATTT
FEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFF
IIGLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK .

[0022] According to the embodiments of the present
invention, the viral vectors further comprises: a first pro-
moter, which is operably linked to the first nucleic acid
molecule; and a second promoter, which is operably linked
to the second nucleic acid molecule. Thereby, the first
nucleic acid molecule and the second nucleic acid molecule
are respectively under the regulation of the first promoter
and the second promoter to achieve high-efficiency expres-
sion of the first nucleic acid molecule and the second nucleic
acid molecule.

[0023] According to the embodiments of the present
invention, each of the first promoter and the second pro-
moter is independently selected from CMV, EF-1, and RSV
promoters.

[0024] According to the embodiments of the present
invention, the first nucleic acid

[0025] molecule has the nucleotide sequence shown in
SEQ ID NO: 5.

(SEQ ID NO: 5)
ATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTGAATTGCAA

GTTCACCATAGTTTTTCCACACAACCAAAAAGGAAACTGGAAAAATGTTC
CTTCTAATTACCATTATTGCCCGTCAAGCTCAGATTTAAATTGGCATAAT
GACTTAATAGGCACAGCCTTACAAGTCAAAATGCCCCAAAGTCACAAGGC
TATTCAAGCAGACGGTTGGATGTGTCATGCTTCCAAATGGGTCACTACTT
GTGATTTCCGCTGGTATGGACCGAAGTATATAACACATTCCATCCGATCC
TTCACTCCATCTGTAGAACAATGCAAGGAAAGCATTGAACAAACGAAACA
AGGAACTTGGCTGAATCCAGGCTTCCCTCCTCAAAGTTGTGGATATGCAA
CTGTGACGGATGCCGAAGCAGTGATTGTCCAGGTGACTCCTCACCATGTG
CTGGTTGATGAATACACAGGAGAATGGGTTGATTCACAGTTCATCAACGG
AAAATGCAGCAATTACATATGCCCCACTGTCCATAACTCTACAACCTGGC

ATTCTGACTATAAGGTCAAAGGGCTATGTGATTCTAACCTCATTTCCATG
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-continued
GACATCACCTTCTTCTCAGAGGACGGAGAGCTATCATCCCTGGCARAGGA

GGGCACAGGGTTCAGAAGTAACTACTTTGCTTATGAAACTGGAGGCAAGG
CCTGCAAAATGCAATACTGCAAGCATTGGGGAGT CAGACTCCCATCAGGT
GTCTGGTTCGAGATGGCTGATAAGGATCTCTTTGCTGCAGCCAGATTCCC
TGAATGCCCAGAAGGGTCAAGTATCTCTGCTCCATCTCAGACCTCAGTGG
ATGTAAGTCTAATTCAGGACGTTGAGAGGATCTTGGATTATTCCCTCTGC
CAAGAAACCTGGAGCAAAATCAGAGCGGGTCTTCCAATCTCTCCAGTGGA
TCTCAGCTATCTTGCTCCTAAAAACCCAGGAACCGGTCCTGCTTTCACCA
TAATCAATGGTACCCTAAAATACTTTGAGACCAGATACATCAGAGTCGAT
ATTGCTGCTCCAATCCTCTCAAGAATGGTCGGAATGATCAGTGGAACTAC
CACAGAACAGGAACTGTGGGATGACTGGGCACCATATGAAGACGTGGAAA
TTGGACCCAATGGAGTTCTGAGGACCAGTTCAGGATATAAGTTTCCTTTA
TACATGATTGGACATGGTATGTTGGACTCCGATCTTCATCTTAGCTCAAA
GGCTCAGGTGTTCGAACATCCTCACATTCAAGACGCTGCTTCGCAACTTC
CTGATGATGAGAGTTTATTTTTTGGTGATACTGGGCTATCCAAAAATCCA
ATCGAGCTTGTAGAAGGTTGGTTCAGTAGT TGGAAAAGCTCTATTGCCTC
TTTTTTCTTTATCATAGGGTTAATCATTGGACTATTCTTGGTTCTCCGAG
TTGGTATCCATCTTTGCATTAAATTAAAGCACACCAAGAAAAGACAGATT

TATACAGACATAGAGATGAACCGACTTGGAAAG.

[0026] According to the embodiments of the present
invention, the second nucleic acid. molecule has the nucleo-
tide sequence shown in SEQ ID NO:6.

(SEQ ID NO: 6)
ATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTGAATTGCGA

CATTCAGATGACTCAGACCACCTCCTCCCTGTCCGCCTCCCTGGGCGACC
GCGTGACCATCTCATGCCGCGCCAGCCAGGACATCTCGAAGTACCTCAAC
TGGTACCAGCAGAAGCCCGACGGAACCGTGAAGCTCCTGATCTACCACAC
CTCCCGGCTGCACAGCGGAGTGCCGTCTAGATTCTCGGGTTCGGGGTCGG
GAACTGACTACTCCCTTACTATTTCCAACCTGGAGCAGGAGGATATTGCC
ACCTACTTCTGCCAACAAGGAAACACCCTGCCGTACACTTTTGGCGGGGG
AACCAAGCTGGAAATCACTGGGGGCGGAGGAT CCGGTGGAGGCGGAAGCG
GGGGTGGAGGATCCGAAGT CAAGCTGCAGGAATCAGGACCTGGCCTGGTG
GCCCCGAGCCAGTCACTGTCCGTGACTTGTACTGTGTCCGGAGTGTCGCT
CCCGGATTACGGAGTGTCCTGGATCAGGCAGCCACCTCGGAAAGGATTGG
AATGGCTCGGAGTCATCTGGGGTTCCGAAACCACCTATTACAACTCGGCA
CTGAAATCCAGGCTCACCATTATCAAGGATAACTCCAAGTCACAAGTGTT
CCTGAAGATGAATAGCCTGCAGACTGACGACACGGCGATCTACTATTGCG
CCAAGCACTACTACTACGGCGGATCCTACGCTATGGACTACTGGGGCCAG
GGGACCAGCGTGACCGTGTCATCCGCGGCCGCAACTACCACCTTCGAACA

TCCTCACATTCAAGACGCTGCTTCGCAACTTCCTGATGATGAGAGTTTAT

Mar. 7, 2024

-continued

TTTTTGGTGATACTGGGCTATCCAAAAATCCAATCGAGCTTGTAGAAGGT
TGGTTCAGTAGTTGGAAAAGCTCTATTGCCTCTTTTTTCTTTATCATAGG
GTTAATCATTGGACTATTCTTGGTTCTCCGAGTTGGTATCCATCTTTGCA
TTAAATTAAAGCACACCAAGAAAAGACAGATTTATACAGACATAGAGATG

AACCGACTTGGAAAG.

[0027] According to the embodiments of the present
invention, the first viral vector and the second viral vector
are the same vector:

[0028] According to the embodiments of the present
invention, the first viral vector and the second viral vector
are the same vector, the vector further comprises: an internal
ribosome entry site sequence (IRES), wherein the internal
ribosome entry site sequence is arranged between the first
nucleic acid molecule and the second nucleic acid molecule.
The expression of the two proteins before and after the
internal ribosome entry site is usually proportional. The
introduction of the internal ribosome entry site sequence
allows the first nucleic acid molecule and the second nucleic
acid molecule to be independently translated and expressed,
and the resulting envelope protein and fusion protein are in
a non-fusion form. The introduction of the internal ribosome
entry site sequence effectively guarantees the biological
effects of the envelope protein and the fusion protein, so that
the specific binding adsorption and infectivity of the virus
obtained by packaging is remarkable, and the virus titer is
high.

[0029] According to the embodiments of the present
invention, the first viral vector and the second viral vector
are the same vector, the vector further comprises: a third
nucleic acid molecule, which is arranged between the first
nucleic acid molecule and the second nucleic acid molecule,
and the third nucleic acid molecule encodes a second
connecting peptide, and the second connecting peptide can
be cleaved. The introduction of the third nucleic acid mol-
ecule makes the expression of the envelope protein and the
fusion protein in a non-fusion form, thereby ensuring the
biological function of the envelope protein and the fusion
protein, so that the specific binding adsorption and infection
ability of the virus obtained by packaging is remarkable, and
the virus titer is high.

[0030] According to the embodiments of the present
invention, the first viral vector and the second viral vector
are the same vector, the ratio of the copy number of the first
nucleic acid molecule and the second nucleic acid molecule
is 1:1~4:1. It should be noted that the “ratio of the copy
number of the first nucleic acid molecule and the second
nucleic acid molecule” herein refers to the ratio of the
number of the first nucleic acid molecule and the second
nucleic acid molecule carried on the vector when the first
viral vector and the second viral vector are the same vector,
that is, when the first nucleic acid molecule and the second
nucleic acid molecule are the same vector, so as to ensure
that the ratio of the protein expression amount of the first
nucleic acid molecule and the second nucleic acid molecule
is approximately the same. The inventors found that when
the ratio of the number of the first nucleic acid molecule and
the second nucleic acid molecule carried on the vector is
1:1~4:1, the virus titer and the infection efficiency of the
virus are both higher.
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[0031] According to the embodiments of the present
invention, the ratio of the copy number of the first nucleic
acid molecule and the second nucleic acid molecule is 2:1 to
4:1. According to the specific embodiments of the present
invention, when the ratio of the number of the first nucleic
acid molecule and the second nucleic acid molecule carried
on the vector is 2:1 to 4:1, the virus titer and the infection
efficiency of the virus are both further improved.

[0032] According to the embodiments of the present
invention, the ratio of the copy number of the first nucleic
acid molecule and the second nucleic acid molecule is 2:1.
The inventors found that when the ratio of the number of the
first nucleic acid molecule and the second nucleic acid
molecule carried on the vector is 2:1, the virus titer and the
infection efficiency of the virus will reach an optimal bal-
ance.

[0033] According to the embodiments of the present
invention, the first viral vector and the second viral vector
are pMD2.G, pCMV, pMD2.G mutant or pCMV mutant.
According to the embodiments of the present invention, the
types of the first viral vector and the second viral vector are
not particularly limited. A vector that can express VSV-G or
a vector that can express a VSV-G or a VSV-G mutant can
be used.

[0034] According to the embodiments of the present
invention, the viral vectors further comprises: a third viral
vector and a fourth viral vector, the third viral vector carries
the gene of interest, and the fourth viral vector carries the
viral structural protein gene and viral packaging enzyme
gene and optional regulatory factor rev gene.

[0035] According to the embodiments of the present
invention, the structural protein gene, the viral packaging
enzyme gene and the regulatory factor rev gene are arranged
on the same fourth viral vector or different fourth viral
vectors. For example, the expression products of the lenti-
viral vector psPAX2 include structural protein gag, packag-
ing enzyme pol (including reverse transcriptase, protease
and integrase) and regulatory factor rev, wherein, the regu-
latory factor rev can increase the product titer to a certain
extent, but it is not necessary for lentiviral packaging. Rev
(pRSV-rev) and gag-pol (pMDLg-pRRE) can be divided
into two plasmids for expression; or rev (pRSV-rev), gag
(pCMV-gag), pol (pCMV-gag) can be divided into three
plasmids for expression.

[0036] According to the embodiments of the present
invention, the viral packaging enzyme comprises at least one
of reverse transcriptase, protease, and integrase.

[0037] According to the embodiments of the present
invention, the third viral vector is a transfer vector.

[0038] According to the embodiments of the present
invention, the transfer vector contains a lentivirus packaging
signal.

[0039] According to the embodiments of the present
invention, the lentivirus packaging signal comprises: W.
[0040] According to the embodiments of the present
invention, the transfer vector is a pLV vector.

[0041] According to the embodiments of the present
invention, the fourth viral vector is psPAX2.

[0042] In the other aspect, provided herein is a method for
obtaining lentivirus. According to the embodiments of the
present invention, the method comprises: introducing the
group of viral vectors provided herein into a first recipient
cell; culturing the first recipient cell to obtain a virus. The
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lentivirus obtained by the method has a high titer, and the
abilities to target binding and infect cells are significantly
improved.

[0043] According to the embodiments of the present
invention, the method provided herein may further comprise
at least one of the following additional technical features:
[0044] according to the embodiments of the present inven-
tion, the virus is lentivirus, the first viral vector and the
second viral vector are different vectors, the mass ratio of the
third viral vector, the fourth viral vector, the first viral vector
and the second viral vector is 2:1:0.25~2:1:1:1

[0045] According to the ratio of viral vectors of the
embodiments of the present invention, the lentivirus titer
and lentivirus infection efficiency are both high.

[0046] According to the embodiments of the present
invention, the mass ratio of the third viral vector, the fourth
viral vector, the first viral vector and the second viral vector
is 2:1:1:0.5. The inventors found that when the mass ratio of
the third viral vector, the fourth viral vector, the first viral
vector and the second viral vector is 2:1:1:0.5, the titer and
the infection efficiency of the lentivirus will reach an optimal
balance.

[0047] According to the embodiments of the present
invention, the first recipient cell is 293T.

[0048] In the third aspect, provided herein is a lentivirus.
According to the embodiments of the present invention, the
lentivirus is obtained by packaging as described herein. The
lentivirus has a high titer and has the abilities to target
binding and infect cells.

[0049] In the fourth aspect, provided herein is a lentivirus.
According to the embodiments of the present invention, the
lentivirus expresses an envelope protein and a fusion pro-
tein, the fusion protein comprises a single-chain antibody
and the C-terminal domain of the envelope protein, and the
C-terminal domain of the envelope protein comprises the
transmembrane and intracellular regions of the envelope
protein, the C-terminus of the single-chain antibody is
connected to the N-terminus of the C-terminal domain of the
envelope protein. The lentivirus provided herein has a high
titer and has the abilities to target binding and infect cells.
[0050] According to the embodiments of the present
invention, the envelope protein is an envelope G glycopro-
tein or a mutant of envelope G glycoprotein of vesicular
stomatitis virus.

[0051] 1in the fifth aspect, provided herein is a pharmaceu-
tical composition. According to the embodiments of the
present invention, the pharmaceutical composition com-
prises the group of viral vectors or the lentivirus provided
herein, and the viral vectors or lentivirus carries the gene of
interest. It should be noted that the “gene of interest™ herein
refers to the exogenous gene that the viral vectors or
lentivirus needs to carry. After the virus infects the cell, the
exogenous gene enters the target cell, and the expression of
the gene of interest is achieved in the target cell. When the
expression of the gene of interest in the target cell can
achieve direct or indirect therapeutic effects, the pharma-
ceutical composition formed by the viral vectors or lentivi-
rus achieves the effect of bringing the gene of interest into
the targeted cell, thereby achieving the targeted treatment of
diseases.

[0052] In the sixth aspect, provided herein is a method for
expressing gene of interest. According to the embodiments
of the present invention ; the method comprises: introducing
the viral vectors or lentivirus integrated with the gene of
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interest into the second recipient cell; culturing the second
recipient cell to express the gene of interest. According to
the embodiments of the present invention, the expression of
the gene of interest in the recipient cell is effectively
realized. For example, in the embodiments of the present
invention, mcherry or BFP is a gene of interest that can be
carried, in order to verify the feasibility of the targeting
vector platform, the inventor used mcherry gene or BFP
gene as a tag gene to express fluorescent protein, thereby
characterizing the positive rate of virus infection in the
recipient cell.

[0053] According to the embodiments of the present
invention, the method may further comprise at least one of
the following additional technical features:

[0054] according to the embodiments of the present inven-
tion, the introduction into the second recipient cell is carried
out by electrotransfection, transfection or infection. It should
be noted that the “electrotransfection” or “transfection”
refers to a method of introducing the viral vectors into a
recipient cell, and the “infection” refers to a process in
which the virus actively binds and fuses with the cell
membrane to enter the cell. Wherein, “electrotransfection”
refers to a method of introducing vectors for virus packaging
into recipient cell by means of electrical stimulation, and
“transfection” refers to a method of introducing vectors for
virus packaging into recipient cell through chemical media-
tors, such as liposomes.

[0055] According to the embodiments of the present
invention, the second recipient cell is a somatic cell.
[0056] According to the embodiments of the present
invention, the second recipient cell is a tumor cell. When the
expression of the gene of interest in tumor cells can achieve
direct or indirect therapeutic effects, the method provided
herein achieves specific killing of tumor cells and achieves
specific treatment of tumors.

[0057] According to the embodiments of the present
invention, the “pMD2.G mutant” or “pMD2.G-Mut” refers
to a plasmid (VSV-G-K47Q\354QQ) expressing lentiviral
envelope protein containing K47Q\354Q mutation site.

DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 is a structural pattern diagram of the enve-
lope fusion protein of targeting CD19 antigen (antiCD19-G)
according to the embodiments of the present invention;
wherein anti-CD19 say represents the variable region
sequence of the CD19 single-chain antibody, and VSV-G
C-terminal represents the C-terminal domain of the lentiviral
envelope protein;

[0059] FIG. 2 is a map of pMD2.G mutant (pMD2.G-Mut)
according to the embodiments of the present invention;
[0060] FIG. 3 is a ftiter result graph of CD19-targeting
lentivirus obtained by packaging pMD2.G-Mut and pMD2.
antiCD19-G in different proportions according to the
embodiments of the present invention, wherein the abscissa
represents the type of lentivirus, the types and ratios of
vectors contained in each lentivirus are shown in Table 1; the
ordinate represents the lentivirus titer measured by the
lentivirus infecting HEK-293T-CD19 cells;

[0061] FIG. 4 is a ftiter result graph of CD19-targeting
lentivirus obtained by packaging according to the embodi-
ments of the present invention, wherein the abscissa repre-
sents the type of lentivirus, the types and ratios of vectors
contained in each lentivirus are shown in Table 2; the
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ordinate represents the lentivirus titer measured by the
lentivirus infecting HEK-293T cells;

[0062] FIG. 5 is a flow analysis diagram of 293T infected
by CD19-targeting lentivirus obtained by packaging accord-
ing to the embodiments of the present invention, wherein
CD19ta is a scFv that can bind to CD19;

[0063] FIG. 6 is a capability analysis diagram of 293T
infected by CD19-targeting lentivirus obtained by packag-
ing according to the embodiments of the present invention,
wherein the abscissa represents the type of lentivirus, the
types and ratios of vectors contained in each lentivirus are
shown in Table 2; the ordinate represents that the ratio of
mCherry positive rate of HEK-293T-CD19 cells and HEK-
293T cells after the mixed system of HEK-293T-CD19 and
HEK-293T cells is infected by lentivirus, CD19ta is a scFv
that can bind to CD19;

[0064] FIG. 7 is a capability analysis diagram of 293T
cells infected by Siglecl5-targeting lentivirus obtained by
packaging according to the embodiments of the present
invention, wherein the abscissa represents the type of the
lentivirus, the types and ratios of vectors contained in each
lentivirus are shown in Table 3; the ordinate represents the
ratio of the BFP positive rate of HEK-293T-HS15 cells and
HEK-293T cells after the mixed system of HEK-293T-HS15
and HEK-293T cells is infected by the lentivirus, HEK-
293T-HS15 represents HEK 293T cells stably expressing
human Siglecl5 protein, and 5G12 represents scFv that
capable of binding to Siglecl5.

EXAMPLES

[0065] Embodiments of the present invention are
described in detail below, and examples of the embodiments
are shown in drawings.

[0066] According to specific embodiments of the present
invention, provided herein is a group of novel lentiviral
vectors with targeted transfection ability, the group of vec-
tors comprise a coding region carrying an envelope protein
VSV-G or VSV-G mutant, and a coding region carrying a
fusion protein obtained by linking the single-chain antibody
scFv and C-terminal domain of VSV-G through a connecting
peptide.

[0067] The lentiviral vectors provided herein have the
following characteristics: @VSV—G mutant is a mutant that
weakens the ability of VSV-G to adsorb target cells, but
retains the ability of cell membrane fusion; éSCFV can be
one or more in series; @the C-terminal domain of VSV-G
at least includes the intracellular and transmembrane regions
of VSV-G; @a viral vector can contain one or more fusion
proteins.

[0068] The advantages of this study: @the fusion protein
formed by scFv and the C-terminal domain of VSV-G has
the same transmembrane and intracellular regions as VSV-
G, so that the fusion protein still maintains the interaction
with the matrix protein, making it efficiently assembled on
the envelope of the lentiviral particle without interfering
with the budding of the virus particle, thereby not having a
significant impact on virus titer. @The envelope of the
lentiviral particle still contains intact VSV-G or its mutant,
which can maintain the stability of the virus particle.
@Through the binding of scFv to the corresponding anti-
gen, the lentiviral particle can actively infect target cells
which expresses corresponding antigens, and increase the
infection efficiency of the target cells under the same infec-
tion multiplicity conditions. @The scFv has a clear func-
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tional background and guaranteed safety, and any antigen
can be screened to specifically bind scFv, making the virus
packaged by the lentiviral vectors can be universally applied
to the targeted infection of various types of cells. (5)VSV-G
is replaced with a mutant with weakened ability to adsorb
target cells, so that the specific binding force between scFv
and the corresponding antigen dominates the process of viral
particle adsorption, and further improves the targeting of
recombinant lentivirus.

[0069] According to specific embodiments of the present
invention, provided herein is a method for constructing and
using a new type of lentiviral vectors with the ability to
target gene transfection, comprising the following steps
(taking the lentiviral vector targeted for transfection of
CD19 * cells as an example):

[0070] 1. Designing a fusion protein (CD19 scFv-VSV-
G-CT (antiCD19-G for short)) formed by a single-
chain antibody targeting CD19 and the C-terminal
domain of VSV-G The structural pattern diagram is
shown in FIG. 1. Wherein, the VSV-G signal peptide is
located at the amino terminus of the VSV-G precursor
protein and it is the membrane-localized telopeptide of
the VSV-G protein. The VSV-G signal peptide helps the
VSV-G protein to locate to the endoplasmic reticulum,
after the protein matures, it is hydrolyzed and sepa-
rated. The VSV-G protein of the viral particle does not
contain this signal peptide.

[0071] The representative amino acid sequence of the
signal peptide is shown in SEQ ID NO:7.

(SEQ ID NO: 7)
MKCLLYLAFLFIGVNC.

[0072] The amino acid sequence of the anti-CD19 scFv is
shown in SEQ ID NO:8.

(SEQ ID NO: 8)
DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYH

TSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGG
GTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVS
LPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQV

FLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS .

[0073] The amino acid sequence of the first linker peptide
(Linker) is shown in SEQ ID NO:2.

(SEQ ID NO: 2)
AAATTT.

[0074] VSV-G C-Terminal contains amino acids 405-495
(91 in total) of VSV-G protein, and its amino acid sequence
is:

(SEQ ID NO: 3)
FEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFF

IGLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK .
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[0075] 2. Constructing CG Fusion Membrane Protein

Expression Plasmid
[0076] The DNA sequence in the model of VSV-G signal
peptide-scFv-Linker-(VSV-G-CT) is designed and entrusted
gene synthesis company to synthesize. The pMD2.G plas-
mid (VSV-G protein expression plasmid) is used as a vector
to construct the fusion protein expression plasmid pMD?2.
antiCD19-G.

[0077] 3. Constructing VSV-G Weak Adsorption
Mutants (Reference: Structural Basis for the Recogni-
tion of LDL-Receptor Family Members by VSV Gly-
coprotein, Nature Communications. 2018)

[0078] The DNA sequence of the K47Q and R354Q
double-point mutant is designed and entrusted gene synthe-
sis company to synthesize. The VSV-G expression plasmid
pMD2.G is used as a vector to construct the VSV-G-
K47Q\354QQ expression plasmid pMD2.G-Mut. Studies
have found that K47Q and R354Q mutations can only
reduce the membrane adsorption capacity of VSV-G, but not
affect the membrane fusion capacity of VSV-G.

[0079] 4. Lentivirus Packaging and Harvest

[0080] @The lentiviral vector packaging plasmids were
co-transfected into 2937 cells.

[0081] @The virus-containing culture supernatant is col-
lected after 48-72 h of transfection; filtered with 0.45um
aliquoted and stored in an ultra-low temperature refrigerator.

[0082] 5. Detection and Analysis of Targeted Transfec-
tion Ability of Lentiviral Vectors

[0083] Lentiviral vectors are used to infect the mixed
cultured cells of CD19* and CD197, and the positive rates of
the two types of cells are compared.

[0084] \Under the same infection conditions, the posi-
tive rate of infected CD19 * cells/the positive rate of infected
CD19* cells can be used to evaluate the ability of the
lentivirus to target infect CD19" cells (targeted infectivity
for short). When the targeted infectivity <1, the lentivirus
has no ability to target CD19" cells; when the targeted
infectivity >1, the lentivirus has the ability to target CD19*
cells, and the larger the value, the stronger the ability to
target CD19* cells.

[0085] Embodiments of the present invention are
described in detail below, and examples of the embodiments
are shown in drawings. The embodiments described below
with reference to the drawings are exemplary and are
intended to explain the present invention and should not be
construed as limiting the present invention.

[0086] it should be noted that the “plasmid” and “vector”
described in the following embodiments have the same
meaning and can be used interchangeably.

EXAMPLE 1

[0087] 1. Packaging a series of lentiviruses with different
antiCD19-G content targeted to infect CD19™" cells
[0088] 1.1.1 Lentivirus Packaging Information
[0089] According to the plasmids and mass ratios shown
in Table 1 (to maintain the same mass of pL.V-mCherry and
psPAX2 plasmids between each group), 293T cells were
co-transfected to package the lentivirus.

TABLE 1

lentivirus Names of lentiviral vectors and ratios

LVm-CD19%ta(1:0.25) pLV-mCherry:psPAX2:pMD2.G-Mut:pMD2.
antiCD19-G = 2:1:1:0.25
pLV-mCherry:psPAX2:pMD2.G-Mut:pMD2.

antiCD19-G = 2:1:1:0.5

LVm-CD19ta(1:0.5)
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TABLE 1-continued
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TABLE 2

lentivirus Names of lentiviral vectors and ratios

lentivirus Names of lentiviral vectors and ratios

LVm-CD19ta(1:1) pLV-mCherry:psPAX2:pMD2.G-Mut:pMD?2.
antiCD19-G = 2:1:1:1
pLV-mCherry:psPAX2:pMD2.G-Mut:pMD?2.
antiCD19-G = 2:1:1:2
pLV-mCherry:psPAX2:pMD2.G-Mut:pMD?2.
antiCD19-G = 2:1:1:4
pLV-mCherry:psPAX2:pMD2.G-Mut:pMD?2.
antiCD19-G = 2:1:1:8

LVm-CD19ta(1:2)
LVm-CD19ta(1:4)

LVm-CD19ta(1:8)

[0090] Wherein, pLV-mCherry is a transfer plasmid car-
rying mCherry sequence, the gene of interest is the mCherry
sequence, and psPAX2 is a plasmid expressing lentiviral
structural proteins gag and pol (reverse transcriptase, pro-
tease, integrase, packaged into viral particle, non-structural
protein), pMD2.G-Mut is a plasmid expressing lentiviral
membrane protein mutants (VSV-G-K47Q\R354Q), pMD2.
antiCD19-G is a plasmid expressing a chimeric protein
containing a say targeting CD19 and the C-terminal domain
of the VSV-G protein, wherein the map of the pMD2.G
mutant used in this example is shown in FIG. 2.

[0091]
[0092] 1) Evaluation of Cell Line Construction:

[0093] A 293T cell line (HEK-293T-CD19) that stably
co-expressed CD19 and GFP was constructed. The purpose
of expressing GFP was to use GFP positive to indicate CD19
positive cells.

1.1.2 Evaluation of Lentiviral Vector Yield

[0094] 2) Evaluation of Lentivirus Packaging, Harvesting
and Yield
[0095] According to the experimental group set up in

Table 1, 293T cells were co-transfected for 48-72 h, and then
the virus liquids of each group were collected. The virus
liquids of each group were filtered through a 0.45 um sterile
filter. 200 pL. of HEK-293T-CD19 cells was spread into the
wells of a 24-well plate. The filtered lentivirus was diluted
100 times, then 200 pl/well of the solution was added to the
corresponding cell well, and mixed gently and thoroughly,
the plate was incubated at 37° C. and 5% CO, for 34 days.
Flow cytometry was used to detect the percentage of
mCherry™ cells in the infected cells.

[0096] 3) Results and Analysis

[0097] When the mass ratio of plasmids expressing VSV-
G-1(47Q\R354Q) protein and antiCD19-G fusion protein is
1:0.25~1:1 (i.e. 4:1~1:1), the virus titer is higher. Wherein
1:0.5 (i.e. 2:1) is the highest (the result is shown in FIG. 3).
Virus yield=virus titerxvirus liquid volume. When the har-
vested virus liquid volume is the same, the level of virus titer
represents the level of virus yield, that is, when the mass
ratio of plasmids expressing VSV-G-K47Q\R354Q) protein
and antiCD19-G fusion protein is 1:0.25~1:1 (i.e. 4:1~1:1),
the virus yield is higher, and 1:0.5 is the highest.

[0098] 1.2 Packaging a Series of Lentiviruses Targeted to
Infect CD19™" Cells.

[0099]

[0100] According to the plasmid and ratio in Table 2
below (to maintain the same amount of pL.V-mCherry and
psPAX2 plasmids between each group), 293T cells were
co-transfected to package lentivirus.

1.2.1 Lentivirus Packaging Information

Negative Control(NC)
LV (Lentivirus)
LV-CD19%ta

pLV-mCherry:psPAX2 = 2:1
pLV-mCherry:psPAX2:pMD2.G = 2:1:1
pLV-mCherry:psPAX2:pMD2.G:pMD?2.
antiCD19-G = 2:1:1:0.5

LVm pLV-mCherry:psPAX2:pMD2.G-Mut = 2:1:1

LVm-CD1%ta pLV-mCherry:psPAX2:pMD2.G-Mut:pMD2.
antiCD19-G = 2:1:1:0.5
[0101] Wherein, pLV-mCherry is a transfer plasmid car-

rying mCherry sequence, the gene of interest is the mCherry
sequence, and psPAX2 is a plasmid expressing lentiviral
structural proteins gag and poi (reverse transcriptase, pro-
tease, integrase, packaged into viral particle, non-structural
protein). pMD2.G is a plasmid expressing lentiviral enve-
lope protein (expressing VSV-G), pMD2.G-Mut is a plasmid
expressing lentiviral membrane protein mutant (VSV-G-
K47Q\R354Q, pMD2. antiCD19-G is a plasmid expressing
a chimeric protein containing a scFv targeting CD19 and the
C-terminal domain of the VSV-G protein, wherein the map
of'the pMD2.G mutant used in this example is shown in FIG.
2.

[0102] 1.2.2 Evaluation of the Targeting Performance of
Lentiviral Vector Targeting CD19* Cells

[0103] 1) Evaluation of Cell Line Construction:

[0104] A 293T cell line (HEK-293T-CD19) that stably
co-expresses CD19 and GFP was constructed. The purpose
of expressing GFP was to use GFP positive to indicate CD19
positive cell.

[0105] 2) Lentivirus Packaging, Harvest, Titer Determi-
nation and Target Cell Transfection

[0106] According to the experimental group set up in
Table 2, 293T were co-transfected for 48-72 h. The virus
liquids of each group were collected and stored in ultra-low
temperature refrigerator (<-75"C). The titer was measured
with 2937 cells.

[0107] 293T and HEK-293T-CD19 cells were mixed at a
ratio of 1:1 and spread into a 24-well plate. The frozen
lentivirus solution was diluted 100 times, and 200 plIL/well
of the solution was added to the corresponding cell wells,
mixed gently and thoroughly. (There are two purposes for
mixed transfection of the two types of cells: a. To ensure that
the transfection conditions of the two cells are completely
the same; b. To simulate the transfection conditions when
target cells and non-target cells coexist in in vivo gene
therapy.)

[0108] The plate was incubated at 37° C. and 5% CO, for
3-4 days. Flow cytometry was used to detect the percentage
of mCherry* cells and the percentage of GFP-positive
(GFP*) cells in the infected cells.

[0109] 3) Results and Analysis

[0110] The expression of antiCD19-G fusion protein will
not cause a significant drop in the production titer of
lentivirus (results are shown in FIG. 4), and the titer can
reach more than 107, which is significantly better than that
of the targeted virus in the prior art. The expression of
antiCD19-G fusion protein also can enhance the infectivity
of lentivirus to CD19* cells (results are shown in FIG. 5 and
FIG. 6).

[0111] The expression of mutant envelope protein (VSV-
G-K47Q\R354Q) can reduce the infectivity of lentivirus
(results are shown in FIG. 5D and FIG. 5B), and the
expression of antiCD19-G fusion protein specifically
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enhances the infectivity of lentivirus to target CD19™ cells
(results are shown in FIG. 5E), so that LVm-CD19ta have a
stronger infectivity to target CD19* cells than LV-CD19ta
(results are shown in FIG. 6).

EXAMPLE 2

[0112] 2.1 Packaging a Series of Lentiviruses Targeted to
Infect Human Siglec15 * Cells

[0113] According to the plasmids and ratios in Table 3
below (to maintain the same amount of pLV-BFP and
psPAX2 plasmids between each group), HEK 293T cells
were co-transfected to package lentivirus.

TABLE 3
lentivirus Names of lentiviral vectors and ratios
LV-BFP pLV-BFP:psPAX2:pMD2.G = 2:1:1
LV-BFP-5G12 pLV-BFP:psPAX2:pMD2.G:pMD2. antiSiglecl15-G =
2:1:1:0.5
LVm-BFP pLV-BFP:psPAX2:pMD2.G-Mut = 2:1:1

LVm-BFP-5G12  pLV-BFP:psPAX2:pMD2.G-Mut:pMD2.

antiSiglec15-G = 2:1:1:0.5

[0114] Wherein pLV-BFP is a transfer plasmid carrying
the BFP (Blue Fluorescent Protein) sequence, and the gene
of interest is the BFP sequence. psPAX2 is a plasmid
expressing lentiviral structural protein gag and pol (reverse
transcriptase, protease, integrase, packed into viral particles,
non-structural protein), pMD2.G is a plasmid expressing
lentiviral envelope protein (VSV-G), pMD2.G-Mut is a
plasmid expressing lentiviral membrane protein mutant
(VSV-G-K47Q\R354Q)), antiSiglec15-G is a plasmid
expressing chimeric protein containing the scFv targeting
Siglec15 and the C-terminal domain of the VSV-G protein.
The map of the pMD2.G mutant used in this example is
shown in FIG. 2.

[0115] The amino acid sequence of anti-Siglec15 scFv is
shown in SEQ ID NO: 9:

(SEQ ID NO: 9)
DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWFQQKPGKSPKTLIYR

ANRLVDGVPSRFSGSGSGODYSLTISSLEYEDMGIYYCLQYDEFPYTFGG
GTKLEIKGGGGSGGGGSGGGGSQVOLQQPGAELVKPGASVKMSCKASGY T
FTSYWITWVIQRPGQGLEWIGDIYCGSDTMHYNEKFKNKATLTVDTSSST
AYMQLSSLTSEDSAVYYCARWWDYGSSYDYFDYWGQGTTLTVSS

[0116] 2.2 Evaluation of the Targeting Performance of
Lentiviral Vector Targeting Siglec15' Cells

[0117] 1) Evaluation of Cell Line Construction:

[0118] A 293T cell line that stably co-expresses Siglec15
and BFP (293T-Siglec15*) was constructed.
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[0119] 2) Lentivirus Packaging, Harvest, Titer Determina-
tion and Target Cell Transfection

[0120] According to the experimental group set up in
Table 2, 293T cells were co-transfected for 48-72 h, the virus
liquids of each group were collected and stored in ultra-low
temperature refrigerator (<-75° C.). The titer was measured
with 2937 cells.

[0121] 293T and 293T-Siglec15™ cells were mixed at a
ratio of 1:1 and spread into a 24-well plate. The frozen
lentivirus solution was diluted 100 times, and 200 pl/well of
the solution was added to the corresponding cell wells,
mixed gently and thoroughly.

[0122] The mixed-transfected two kinds of cells were
stood and cultured for 3-4 days at 37° C., 5% CO2. Flow
cytometry was used to detect the percentage of BFP™ cells
and Siglec15 positive (Siglec15%) cells in the infected cells.
[0123] 4) Results and Analysis

[0124] The specific experimental results are shown in FIG.
7. The specifically expression of antiSiglec15-G fusion
protein enhances the ability of lentivirus to infect Siglec15*
cells, making L.V-BFP-5G12 have stronger targeting ability
than LV-BFP, and LVm-BFP-5G12 have stronger targeting
ability than LVm-BFP.

[0125] In addition, the terms “first” and “second” are only
used for descriptive purposes, and cannot be understood as
indicating or implying relative importance or implicitly
indicating the number of indicated technical features. There-
fore, the features defined with “first” or “second” may
explicitly or implicitly include at least one of the features. In
the description of the present invention, “more” means at
least two, such as two, three, etc., unless otherwise specifi-
cally defined.

[0126]

13

Reference throughout this specification to “an
embodiment,” “some embodiments,” “one embodiment”,
“another example,” “an example,” “a specific examples,” or
“some examples,” means that a particular feature, structure,
material, or characteristic described in connection with the
embodiment or example is included in at least one embodi-
ment or example of the present disclosure. Thus, the appear-
ances of the above terms throughout this specification are
not necessarily referring to the same embodiment or
example of the present disclosure. Furthermore, the particu-
lar features, structures, materials, or characteristics may be
combined in any suitable manner in one or more embodi-
ments or examples. In addition, those skilled in the art can
integrate and combine different embodiments, examples or
the features of them as long as they are not contradictory to
one another.

[0127] Although explanatory embodiments have been
shown and described, it would be appreciated by those
skilled in the art that the above embodiments cannot be
construed to limit the present disclosure, and changes,
alternatives, and modifications can be made in the embodi-
ments without departing from spirit, principles and scope of
the present disclosure.

2 <

29 <

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ ID NO 1

<211> LENGTH: 495

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: The mutant of the envelope G glycoprotein

<400> SEQUENCE: 1

Lys Phe Thr Ile Val Phe Pro His Asn Gln Lys Gly Asn Trp Lys Asn
1 5 10 15

Val Pro Ser Asn Tyr His Tyr Cys Pro Ser Ser Ser Asp Leu Asn Trp
20 25 30

His Asn Asp Leu Ile Gly Thr Ala Ile Gln Val Lys Met Pro Gln Ser
35 40 45

His Lys Ala Ile Gln Ala Asp Gly Trp Met Cys His Ala Ser Lys Trp
50 55 60

Val Thr Thr Cys Asp Phe Arg Trp Tyr Gly Pro Lys Tyr Ile Thr Gln
65 70 75 80

Ser Ile Arg Ser Phe Thr Pro Ser Val Glu Gln Cys Lys Glu Ser Ile
85 90 95

Glu Gln Thr Lys Gln Gly Thr Trp Leu Asn Pro Gly Phe Pro Pro Gln
100 105 110

Ser Cys Gly Tyr Ala Thr Val Thr Asp Ala Glu Ala Val Ile Val Gln
115 120 125

Val Thr Pro His His Val Leu Val Asp Glu Tyr Thr Gly Glu Trp Val
130 135 140

Asp Ser Gln Phe Ile Asn Gly Lys Cys Ser Asn Tyr Ile Cys Pro Thr
145 150 155 160

Val His Asn Ser Thr Thr Trp His Ser Asp Tyr Lys Val Lys Gly Leu
165 170 175

Cys Asp Ser Asn Leu Ile Ser Met Asp Ile Thr Phe Phe Ser Glu Asp
180 185 190

Gly Glu Leu Ser Ser Leu Gly Lys Glu Gly Thr Gly Phe Arg Ser Asn
195 200 205

Tyr Phe Ala Tyr Glu Thr Gly Gly Lys Ala Cys Lys Met Gln Tyr Cys
210 215 220

Lys His Trp Gly Val Arg Leu Pro Ser Gly Val Trp Phe Glu Met Ala
225 230 235 240

Asp Lys Asp Leu Phe Ala Ala Ala Arg Phe Pro Glu Cys Pro Glu Gly
245 250 255

Ser Ser Ile Ser Ala Pro Ser Gln Thr Ser Val Asp Val Ser Leu Ile
260 265 270

Gln Asp Val Glu Arg Ile Leu Asp Tyr Ser Leu Cys Gln Glu Thr Trp
275 280 285

Ser Lys Ile Arg Ala Gly Leu Pro Ile Ser Pro Val Asp Leu Ser Tyr
290 295 300

Leu Ala Pro Lys Asn Pro Gly Thr Gly Pro Ala Phe Thr Ile Ile Asn
305 310 315 320

Gly Thr Leu Lys Tyr Phe Glu Thr Arg Tyr Ile Arg Val Asp Ile Ala
325 330 335

Ala Pro Ile Leu Ser Arg Met Val Gly Met Ile Ser Gly Thr Thr Thr
340 345 350

Glu Gln Glu Leu Trp Asp Asp Trp Ala Pro Tyr Glu Asp Val Glu Ile
355 360 365

Gly Pro Asn Gly Val Leu Arg Thr Ser Ser Gly Tyr Lys Phe Pro Leu
370 375 380
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-continued

Tyr Met Ile Gly His Gly Met Leu Asp Ser Asp Leu His Leu Ser Ser
385 390 395 400

Lys Ala Gln Val Phe Glu His Pro His Ile Gln Asp Ala Ala Ser Gln
405 410 415

Leu Pro Asp Asp Glu Ser Leu Phe Phe Gly Asp Thr Gly Leu Ser Lys
420 425 430

Asn Pro Ile Glu Leu Val Glu Gly Trp Phe Ser Ser Trp Lys Ser Ser
435 440 445

Ile Ala Ser Phe Phe Phe Ile Ile Gly Leu Ile Ile Gly Leu Phe Leu
450 455 460

Val Leu Arg Val Gly Ile His Leu Cys Ile Lys Leu Lys His Thr Lys
465 470 475 480

Lys Arg Gln Ile Tyr Thr Asp Ile Glu Met Asn Arg Leu Gly Lys
485 490 495

<210> SEQ ID NO 2

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The first connecting peptide

<400> SEQUENCE: 2

Ala Ala Ala Thr Thr Thr
1 5

<210> SEQ ID NO 3

<211> LENGTH: 91

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The C-terminal domain of the envelope protein

<400> SEQUENCE: 3

Phe Glu His Pro His Ile Gln Asp Ala Ala Ser Gln Leu Pro Asp Asp
1 5 10 15

Glu Ser Leu Phe Phe Gly Asp Thr Gly Leu Ser Lys Asn Pro Ile Glu
20 25 30

Leu Val Glu Gly Trp Phe Ser Ser Trp Lys Ser Ser Ile Ala Ser Phe
35 40 45

Phe Phe Ile Ile Gly Leu Ile Ile Gly Leu Phe Leu Val Leu Arg Val
50 55 60

Gly Ile His Leu Cys Ile Lys Leu Lys His Thr Lys Lys Arg Gln Ile
65 70 75 80

Tyr Thr Asp Ile Glu Met Asn Arg Leu Gly Lys
85 90

<210> SEQ ID NO 4

<211> LENGTH: 339

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic protein

<400> SEQUENCE: 4

Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly
1 5 10 15
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-continued

Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln Asp Ile Ser Lys Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Ile
35 40 45

Tyr His Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu Gln
Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln Gly Asn Thr Leu Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Thr Gly Gly Gly Gly Ser
100 105 110

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Val Lys Leu Gln Glu
115 120 125

Ser Gly Pro Gly Leu Val Ala Pro Ser Gln Ser Leu Ser Val Thr Cys
130 135 140

Thr Val Ser Gly Val Ser Leu Pro Asp Tyr Gly Val Ser Trp Ile Arg
145 150 155 160

Gln Pro Pro Arg Lys Gly Leu Glu Trp Leu Gly Val Ile Trp Gly Ser
165 170 175

Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile
180 185 190

Lys Asp Asn Ser Lys Ser Gln Val Phe Leu Lys Met Asn Ser Leu Gln
195 200 205

Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala Lys His Tyr Tyr Tyr Gly
210 215 220

Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser Val Thr Val
225 230 235 240

Ser Ser Ala Ala Ala Thr Thr Thr Phe Glu His Pro His Ile Gln Asp
245 250 255

Ala Ala Ser Gln Leu Pro Asp Asp Glu Ser Leu Phe Phe Gly Asp Thr
260 265 270

Gly Leu Ser Lys Asn Pro Ile Glu Leu Val Glu Gly Trp Phe Ser Ser
275 280 285

Trp Lys Ser Ser Ile Ala Ser Phe Phe Phe Ile Ile Gly Leu Ile Ile
290 295 300

Gly Leu Phe Leu Val Leu Arg Val Gly Ile His Leu Cys Ile Lys Leu
305 310 315 320

Lys His Thr Lys Lys Arg Gln Ile Tyr Thr Asp Ile Glu Met Asn Arg
325 330 335

Leu Gly Lys

<210> SEQ ID NO 5

<211> LENGTH: 1533

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct: the first nucleic acid
molecule

<400> SEQUENCE: 5
atgaagtgce ttttgtactt agecttttta ttecattgggg tgaattgcaa gttcaccata 60

gtttttccac acaaccaaaa aggaaactgg aaaaatgttce cttctaatta ccattattge 120
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-continued
ccgtcaaget cagatttaaa ttggcataat gacttaatag gcacagcctt acaagtcaaa 180
atgccccaaa gtcacaaggce tattcaagca gacggttgga tgtgtcatgce ttccaaatgg 240
gtcactactt gtgatttccg ctggtatgga ccgaagtata taacacattc catccgatcc 300
ttcactccat ctgtagaaca atgcaaggaa agcattgaac aaacgaaaca aggaacttgg 360
ctgaatccag gcttcecctce tcaaagttgt ggatatgcaa ctgtgacgga tgccgaagca 420
gtgattgtce aggtgactcc tcaccatgtg ctggttgatg aatacacagg agaatgggtt 480
gattcacagt tcatcaacgg aaaatgcagc aattacatat gccccactgt ccataactct 540
acaacctggc attctgacta taaggtcaaa gggctatgtg attctaacct catttccatg 600
gacatcacct tcttctcaga ggacggagag ctatcatccce tgggaaagga gggcacaggg 660
ttcagaagta actactttgc ttatgaaact ggaggcaagg cctgcaaaat gcaatactgce 720
aagcattggg gagtcagact cccatcaggt gtctggtteg agatggetga taaggatctce 780
tttgctgcag ccagattccce tgaatgccca gaagggtcaa gtatctctge tccatctcag 840
acctcagtgg atgtaagtct aattcaggac gttgagagga tcttggatta ttccctetge 900
caagaaacct ggagcaaaat cagagcgggt cttccaatct ctccagtgga tctcagetat 960

cttgctecta aaaacccagg aaccggtcct gctttcacca taatcaatgg taccctaaaa 1020
tactttgaga ccagatacat cagagtcgat attgctgctc caatcctcte aagaatggtce 1080
ggaatgatca gtggaactac cacagaacag gaactgtggg atgactgggc accatatgaa 1140
gacgtggaaa ttggacccaa tggagttctg aggaccagtt caggatataa gtttccttta 1200
tacatgattg gacatggtat gttggactcc gatcttcatc ttagctcaaa ggctcaggtg 1260
ttcgaacatc ctcacattca agacgctgct tcgcaacttc ctgatgatga gagtttattt 1320
tttggtgata ctgggctatc caaaaatcca atcgagcttg tagaaggttg gttcagtagt 1380
tggaaaagct ctattgccte ttttttettt atcatagggt taatcattgg actattcettg 1440
gttctccgag ttggtatcca tctttgcatt aaattaaagc acaccaagaa aagacagatt 1500
tatacagaca tagagatgaa ccgacttgga aag 1533
<210> SEQ ID NO 6

<211> LENGTH: 1065

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct: the second nucleic acid

molecule

<400> SEQUENCE: 6

atgaagtgce ttttgtactt agecttttta ttecattgggg tgaattgega cattcagatg 60
actcagacca cctecteect gteegectee ctgggegace gegtgaccat ctcatgecge 120
gecagecagg acatctcgaa gtacctcaac tggtaccage agaagcccga cggaaccegtg 180
aagctectga tctaccacac cteceggetyg cacageggag tgcegtctag attcetegggt 240
tcggggtegyg gaactgacta cteecttact atttecaace tggagcagga ggatattgece 300
acctacttct gccaacaagg aaacaccctg ccgtacactt ttggeggggg aaccaagetg 360

gaaatcactyg ggggcggagg atceggtgga ggcggaageg ggggtggagyg atccgaagtce 420

aagctgcagyg aatcaggacce tggectggtg geccegagece agtcactgte cgtgacttgt 480
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actgtgtceg gagtgteget cccggattac ggagtgtect ggatcaggca gccacctegg 540
aaaggattgg aatggctcgg agtcatctgg ggttccgaaa ccacctatta caactcggca 600
ctgaaatcca ggctcaccat tatcaaggat aactccaagt cacaagtgtt cctgaagatg 660
aatagcctge agactgacga cacggcgatce tactattgeg ccaagcacta ctactacgge 720
ggatcctacyg ctatggacta ctggggccag gggaccageg tgaccgtgtce atccgceggec 780
gcaactacca ccttcgaaca tcctcacatt caagacgctg cttegcaact tectgatgat 840
gagagtttat tttttggtga tactgggcta tccaaaaatc caatcgaget tgtagaaggt 900
tggttcagta gttggaaaag ctctattgce tcttttttet ttatcatagg gttaatcatt 960

ggactattct tggttctccg agttggtatc catctttgca ttaaattaaa gcacaccaag 1020

aaaagacaga tttatacaga catagagatg aaccgacttg gaaag 1065

<210> SEQ ID NO 7

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The signal peptide

<400> SEQUENCE: 7

Met Lys Cys Leu Leu Tyr Leu Ala Phe Leu Phe Ile Gly Val Asn Cys
1 5 10 15

<210> SEQ ID NO 8

<211> LENGTH: 242

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The amino acid sequence of anti-CD19 scFv

<400> SEQUENCE: 8

Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly
1 5 10 15

Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln Asp Ile Ser Lys Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Ile
35 40 45

Tyr His Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu Gln
Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln Gly Asn Thr Leu Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Thr Gly Gly Gly Gly Ser
100 105 110

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Val Lys Leu Gln Glu
115 120 125

Ser Gly Pro Gly Leu Val Ala Pro Ser Gln Ser Leu Ser Val Thr Cys
130 135 140

Thr Val Ser Gly Val Ser Leu Pro Asp Tyr Gly Val Ser Trp Ile Arg
145 150 155 160

Gln Pro Pro Arg Lys Gly Leu Glu Trp Leu Gly Val Ile Trp Gly Ser
165 170 175
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Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile
180 185 190
Lys Asp Asn Ser Lys Ser Gln Val Phe Leu Lys Met Asn Ser Leu Gln
195 200 205
Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala Lys His Tyr Tyr Tyr Gly
210 215 220
Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser Val Thr Val
225 230 235 240
Ser Ser
<210> SEQ ID NO 9
<211> LENGTH: 244
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: The amino acid sequence of anti-Siglecl5 scFv

<400> SEQUENCE:

Asp

1

Glu

Leu

Tyr

Ser

65

Glu

Thr

Gly

Pro

Lys

145

Gln

Ser

Thr

Thr

Gly
225

Thr

Ile

Arg

Ser

Arg

Gly

Asp

Phe

Gly

Gly

130

Ala

Arg

Asp

Val

Ser
210

Ser

Val

Lys

Val

Trp

35

Ala

Ser

Met

Gly

Gly

115

Ala

Ser

Pro

Thr

Asp

195

Glu

Ser

Ser

Met

Thr

20

Phe

Asn

Gly

Gly

Gly

100

Gly

Glu

Gly

Gly

Met

180

Thr

Asp

Tyr

Ser

9

Thr

5

Ile

Gln

Arg

Gln

Ile

85

Gly

Ser

Leu

Tyr

Gln

165

His

Ser

Ser

Asp

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Artificial Sequence

PRT

341

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Gly

Val

Thr

150

Gly

Tyr

Ser

Ala

Tyr
230

Ser

Cys

Lys

Val

55

Tyr

Tyr

Lys

Gly

Lys

135

Phe

Leu

Asn

Ser

Val
215

Phe

Pro

Lys

Pro

40

Asp

Ser

Cys

Leu

Gly

120

Pro

Thr

Glu

Glu

Thr
200

Tyr

Asp

Ser

Ala

25

Gly

Gly

Leu

Leu

Glu

105

Gly

Gly

Ser

Trp

Lys

185

Ala

Tyr

Tyr

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Ser

Ala

Tyr

Ile

170

Phe

Tyr

Cys

Trp

Met

Gln

Ser

Pro

Ile

75

Tyr

Lys

Gln

Ser

Trp

155

Gly

Lys

Met

Ala

Gly
235

Tyr

Asp

Pro

Ser

Ser

Asp

Gly

Val

Val

140

Ile

Asp

Asn

Gln

Arg

220

Gln

Ala

Ile

Lys

45

Arg

Ser

Glu

Gly

Gln

125

Lys

Thr

Ile

Lys

Leu

205

Trp

Gly

Ser

Asn

30

Thr

Phe

Leu

Phe

Gly

110

Leu

Met

Trp

Tyr

Ala

190

Ser

Trp

Thr

Leu

15

Ser

Leu

Ser

Glu

Pro

95

Gly

Gln

Ser

Val

Cys

175

Thr

Ser

Asp

Thr

Gly

Tyr

Ile

Gly

Tyr

80

Tyr

Ser

Gln

Cys

Ile

160

Gly

Leu

Leu

Tyr

Leu
240
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic protein

<400> SEQUENCE: 10

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly
1 5 10 15

Glu Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Phe Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr Leu Ile
35 40 45

Tyr Arg Ala Asn Arg Leu Val Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr Ile Ser Ser Leu Glu Tyr
65 70 75 80

Glu Asp Met Gly Ile Tyr Tyr Cys Leu Gln Tyr Asp Glu Phe Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Gly Gly Gly Gly Ser
100 105 110

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Val Gln Leu Gln Gln
115 120 125

Pro Gly Ala Glu Leu Val Lys Pro Gly Ala Ser Val Lys Met Ser Cys
130 135 140

Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr Trp Ile Thr Trp Val Ile
145 150 155 160

Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile Gly Asp Ile Tyr Cys Gly
165 170 175

Ser Asp Thr Met His Tyr Asn Glu Lys Phe Lys Asn Lys Ala Thr Leu
180 185 190

Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser Leu
195 200 205

Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Trp Trp Asp Tyr
210 215 220

Gly Ser Ser Tyr Asp Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu
225 230 235 240

Thr Val Ser Ser Ala Ala Ala Thr Thr Thr Phe Glu His Pro His Ile
245 250 255

Gln Asp Ala Ala Ser Gln Leu Pro Asp Asp Glu Ser Leu Phe Phe Gly
260 265 270

Asp Thr Gly Leu Ser Lys Asn Pro Ile Glu Leu Val Glu Gly Trp Phe
275 280 285

Ser Ser Trp Lys Ser Ser Ile Ala Ser Phe Phe Phe Ile Ile Gly Leu
290 295 300

Ile Ile Gly Leu Phe Leu Val Leu Arg Val Gly Ile His Leu Cys Ile
305 310 315 320

Lys Leu Lys His Thr Lys Lys Arg Gln Ile Tyr Thr Asp Ile Glu Met
325 330 335

Asn Arg Leu Gly Lys
340
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1. A group of viral vectors, comprising:

a first viral vector, wherein the first viral vector carries a
first nucleic acid molecule, and the first nucleic acid
molecule encodes an envelope protein;

at least a second viral vector, wherein the second viral
vector carries a second nucleic acid molecule, the
second nucleic acid molecule encodes at least one
fusion protein, the fusion protein includes at least one
single-chain antibody and the C-terminal domain of the
envelope protein, the C-terminal domain of the enve-
lope protein includes a transmembrane region and a
intracellular region of the envelope protein, the C-ter-
minus of the at least one single-chain antibody connects
with the N-terminus of the C-terminal domain of the
envelope protein, the single-chain antibody targets a
specific antigen;

the first nucleic acid molecule and the second nucleic acid
molecule are arranged to express the envelope protein
and the fusion protein, and the envelope protein and the
fusion protein are in a non-fusion form.

2. The viral vectors according to claim 1, wherein the viral
vectors are retrovirus vectors, lentivirus vectors or other
enveloped virus vectors.

3. The viral vectors according to claim 1, wherein the
enveloped virus comprises at least one selected from: Bor-
naviridae, Nyamaviridae, Arenaviridae, Filoviridae, Hanta-
viridae, Nairoviridae, Orthomyxoviridae, Paramyxoviridae,
Bunyaviridae, Phenuiviridae, Rhabdoviridae, Arteriviridae,
Coronaviridae, Flaviviridae, Togaviridae, Hepadnaviridae,
Spumavirus, Iridoviridae, Herpesviridae, Poxviridae, and
Deltavirus;

optionally, the envelope protein is an envelope G glyco-
protein or a mutant of envelope G glycoprotein of
vesicular stomatitis virus of the Rhabdoviridae.

4. The viral vectors according to claim 3, wherein the
mutant of the envelope G glycoprotein has K47Q and
R354Q mutations;

optionally, the mutant of the envelope G glycoprotein has
the amino acid sequence shown in SEQ ID NO:1.

5. The viral vectors according to claim 1, wherein the

single-chain antibody targets a cell-specific antigen.

6. The viral vectors according to claim 1, wherein the
fusion protein further comprises a first connecting peptide;

optionally, the first connecting peptide has the amino acid
sequence shown in SEQ ID NO: 2;

optionally, the C-terminal domain of the envelope protein
has the amino acid sequence shown in SEQ ID NO: 3;

optionally, the fusion protein has the amino acid sequence
shown in SEQ ID NO:4 or SEQ ID NO:10.

7. The viral vectors according to claim 1, further com-

prising:

a first promoter, which is operably linked to the first
nucleic acid molecule; and

a second promoter, which is operably linked to the second
nucleic acid molecule.

8. The viral vectors according to claim 7, wherein each of
the first promoter and the second promoter is independently
selected from CMV, EF-1, and RSV promoters.

9. The viral vectors according to claim 1, wherein the first
nucleic acid molecule has the nucleotide sequence shown in
SEQ ID NO: 5;

optionally, the second nucleic acid molecule has the
nucleotide sequence shown in SEQ ID NO:6.
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10. The viral vectors according to claim 1, wherein the
first viral vector and the second viral vector are the same
vector.

11. The viral vectors according to claim 10, further
comprising:

an internal ribosome entry site sequence, and the internal
ribosome entry site sequence is arranged between the
first nucleic acid molecule and the second nucleic acid
molecule.

12. The viral vectors according to claim 10, further

comprising:

a third nucleic acid molecule, which is arranged between
the first nucleic acid molecule and the second nucleic
acid molecule, and the third nucleic acid molecule
encodes a second connecting peptide, and the second
connecting peptide can be cleaved.

13. The viral vectors according to claim 10, wherein the
ratio of the copy number of the first nucleic acid molecule
and the second nucleic acid molecule is 1:1~4:1,

optionally, the ratio of the copy number of the first nucleic
acid molecule and the second nucleic acid molecule is
2:1~4:1,

preferably, the ratio of the copy number of the first nucleic
acid molecule and the second nucleic acid molecule is
2:1.

14. The viral vectors according to claim 1, wherein the
first viral vector and the second viral vector are pMD2.G,
pCMYV, pMD2.G mutant or pCMV mutant.

15. The viral vectors according to claim 1, further com-
prising: a third viral vector and a fourth viral vector, the third
viral vector carries the gene of interest, and the fourth viral
vector carries the viral structural protein gene and viral
packaging enzyme gene and optional regulatory factor rev
gene;

optionally, the structural protein gene, the viral packaging
enzyme gene and the regulatory factor rev gene are
arranged on the same fourth viral vector or different
fourth viral vectors;

optionally, the viral packaging enzyme comprises at least
one of reverse transcriptase, protease, and integrase.

16. The viral vectors according to claim 15, wherein the
third viral vector is a transfer vector, and the transfer vector
contains a lentiviral packaging signal, optionally, the lenti-
viral packaging signal comprises: ¥;

optionally, the transfer vector is pLV;

optionally, the fourth viral vector is psPAX2.

17. A method for obtaining lentivirus, comprising:

introducing the viral vectors according to claim 1 into a
first recipient cell; culturing the first recipient cell to
obtain a virus.

18. The method according to claim 17, wherein the virus
is lentivirus, the first viral vector and the second viral vector
are different vectors, the mass ratio of the third viral vector,
the fourth viral vector, the first viral vector and the second
viral vector is 2:1:1:0.25~2:1:1:1,

preferably, the mass ratio of the third viral vector, the
fourth viral vector, the first viral vector and the second
viral vector is 2:1:1:0.5;

optionally, the first recipient cell is 293T.

19. A lentivirus, which is obtained by packaging accord-
ing to the method of claim 17.

20. A lentivirus, which expresses an envelope protein and
a fusion protein, wherein the fusion protein comprises a
single-chain antibody and a C-terminal domain of the enve-
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lope protein, the C-terminal domain of the envelope protein
comprises transmembrane and intracellular regions of the
envelope protein, the C-terminus of the single-chain anti-
body is connected to the N-terminus of the C-terminal
domain of the envelope protein,
optionally, the envelope protein is an envelope G glyco-
protein or a mutant of envelope G glycoprotein of
vesicular stomatitis virus.
21. (canceled)
22. (canceled)



